Rex in Clostridium kluyveri is a global redox-sensing transcriptional regulator.
Clostridium kluyveri is unique in fermenting ethanol and acetate to butyrate, caproate, and H2. The genes encoding butyrate-producing enzymes, including electron-bifurcating butyryl-CoA dehydrogenase/electron transfer flavoprotein complex and NADH-dependent reduced ferredoxin:NADP(+) oxidoreductase, form a cluster, which is preceded by a gene annotated as the transcriptional regulator Rex. Northern blotting and RT-PCR experiments indicated that the gene cluster forms a large transcriptional unit that possibly includes several small transcriptional units. The deduced Rex protein contains a winged helix DNA-binding domain and a Rossmann fold potentially interacting with NAD(H). Bioinformatics analysis revealed that Rex can bind the promoter regions of numerous genes, which are involved in carbon and energy metabolism, including NADH oxidation, hydrogen production, ATP synthesis, butyrate formation, and succinate metabolism. Rex may regulate the transcription of genes encoding certain transcriptional regulators and transporters. Electrophoretic mobility shift and isothermal titration calorimetry assays revealed that Rex specifically formed protein-DNA complexes with the promoter regions of target genes, which could be inhibited by NADH but restored by an excess amount of NAD(+). These results suggest that Rex plays a key role in the carbon and energy metabolism of C. kluyveri as a global transcriptional regulator in response to the cellular NADH/NAD(+) ratio.